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Natural gas processing is a very important field that is of great significance due to increasing 
demand for energy as well as separation of gas mixtures. Most of the natural gas produced in 
the world is coproduced with acid gases such as CO2 which need to be removed to increase the 
caloric value of natural gas. The contaminants in natural gas are also need to be removed so 
that the natural gas will be an end product that is safe to be used by consumer. Thus, a 
comprehensive review of research efforts in CO2 separation from natural gas is required to 
capture details of the current scientific and technological progresses on the development of 
Cryogenic system with better separation performance and more cost saving. A simulation has 
been done for this project in order to see the performance of a gas separation system by using 
ASPEN HYSYS software. The simulation of 70% CO2 feed concentration at feed condition 50 
barg and -25°C was done and at these conditions the percentage separation of the gas was found 
to be 98.48% of methane and 1.52% of CO2 in the top product. The analysis proves that the 
proposed system can efficiently recover CO2 from mixed gases, regardless of initial 
compositions as the CO2 purity in the product could be as high as 99.9% under various 
circumstances. Results obtained from the model in this project has satisfied the requirement of 
LNG Specification and it is believed that this project will serve as a good reference for future 
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CHAPTER 1 : INTRODUCTION 
 
1.1 Background of Study 
 
The development of alternative sources of energy even to the remote parts of the world, 
for example offshore, has been triggered by the high demand of energy throughout the 
world. For many thousand years, oil has been used worldwide for lighting purposes. During 
the old days, crude oil or gases were found in shallow reservoirs, and they may naturally 
develop. For example, the Chinese used to boil water by using natural gas in the years 500 
B.C. [1]. 
 
Ever since 1859, the new era of energy sources begin when “Colonel” Edwin Drake 
started the sole purpose of finding oil when he successfully drilled the first oil well which 
is called the Drake Well. The well was located in north-western Pennsylvania, in the middle 
of a quiet farm country. Within few months, they completely transformed the landscape by 
building oil rigs across the field to extract oil and gas from reservoir up to 3000 meters 
down below by cable-tool drilling, and now rotary drilling [1]. 
 
Oil has been the engine of the world economy for over a century but hardly ever without 
an impact on the environment. Soon after, the search for oil and development of 
technologies to process petroleum began worldwide. A few decades ago, the major 
alternative source which is the energy from natural gas has been found and the energy also 
has less environmental effect. Natural gas normally contain some complex contaminants in 
it such as CO2, CO, H2S and Mercaptan (Acid Gs), which may hindered natural gas 
processes and may harm the environment greatly when get to atmosphere [2].  
 
Natural gas has very high cost to be transported to the consumers who may be thousands 
of kilometers away from the natural source because natural gas content relatively low 
energy per unit volume. Gas is normally transported through pipelines but as the distance 
of sources to the shore increase, the cost to build pipelines started to become uneconomical. 
Therefore, gas is being processed to liquid and chemicals or also known as Liquefied 




The transformation of natural gas to the form of liquid is called liquefaction process. 
The process normally involves operation at pressure as low as atmospheric pressure, and 
very low temperature (-161°C). Before the liquefaction process, it is important to remove 
CO2 from the natural gas because at these process conditions, CO2 can reduce the plant or 
platform efficiency by freezing out at the plugging lines or exchanger surface. The removal 
of CO2 is needed to prevent corrosion in the process equipment, to increase environmental 
performance and most importantly to meet the LNG product specifications [2].  
 
There are many acid gas treating processes available for CO2 removal from natural gas. 
These processes include Chemical Solvents, Physical solvents, Adsorption Processes 
Hybrid solvents and Physical separation (Membrane). The chemical solvents and physical 
solvents or combination of these two have been used extensively in existing base load LNG 
facilities. Cryogenics, which means very low-temperature liquefaction and separation of 
industrial gas has been discovered and fully developed in the 20th century and also is 
commonly used now in the industry [2]. 
 
Today, the world has widely used the software to do computer-aided simulation which 
has been the essential tools in process development. The software enables engineers to 
study the process alternative, new process technologies, to assess its feasibility and to 
simulate the process design in order to optimize the process equipment [3].  
 
However, the content in the output gas of these systems still have certain percentage of 
CO2. Thus, this project will simulate the process available to perform the CO2 removal from 
natural gas in order to optimize the process to meet the LNG specifications of about 50-
100 ppmv or 2-3% of CO2 content in the downstream to prevent corrosion in pipelines and 
decreases in calorific value. Optimum process condition in the gas separation system that 
will reduce environmental effect will be input into the simulation, and the separation 








Gas resources with CO2 composition between 15%-80% is consider as sour gas 
resources that has high CO2 content [4]. Some of the Malaysian natural gas reserve has CO2 
content that can goes up to 80%.and therefore is considered as sour gas resource. The 
following tables summarize all the high CO2 gas fields in Malaysia [5]. 
 
Table 1: Peninsular Malaysia Gas Fields CO2 Contents [5] 
Peninsular Malaysia 
Holder Field CO2 Content 
PETRONAS Bujang 66% 
PETRONAS Sepat 60% 
PETRONAS Noring 60% 
PETRONAS Inas 60% 
PETRONAS Tangga Barat 32% 
PCSB Ular 50% 
PCSB Gajah 50% 
PCSB Bergading 40% 
PCSB Palas NAG 46% 
 
Table 2: Sarawak Gas Fields CO2 Contents [5] 
Sarawak 
Holder Field CO2 Content 
PETRONAS K5 70% 
PETRONAS J5 87% 
PETRONAS J1 59% 
PETRONAS T3 62% 
PETRONAS Tenggiri Mm. 47% 
Dehydration processes which are widely used are absorption and adsorption. On the 
other hand, CO2 could be removed using methods such as adsorption, absorption, 
membrane separation and cryogenic separation. However, cryogenic separation is not 
comprehensively investigated, due to the perception of high energy cost. The advantage of 
cryogenic separation is that no chemical reaction is involved as well as has minimum 
footprint for offshore application. Recent finding shows that cryogenic separation is 
capable to separate water and CO2 from natural gas at optimum energy requirements [6]. 
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1.2 Problem Statement 
 
The high content of contaminants in the natural gas especially CO2 reduces the process 
efficiency. Natural gas must undergo processing to remove impurities in order to be used 
as a fuel. With the depletion of sweet gas reserves, Malaysian natural gas reserves that have 
high contents of CO2 (up to 80%) need to be explored in order to meet the global demand. 
The presences of water contents and CO2 in natural gas not only reduce the heating value 
but also cause pipelines corrosion and plugging. Existing methodology for CO2 removal is 
not sufficient to remove high concentration of CO2 in our natural gas supply. Thus, due to 
the compactness and economic attractiveness of Cryogenic system that has the ability to 
remove high concentration of CO2, modelling and simulation of the system by ASPEN 
HYSYS needs to be done to predict its performance. By the study, we might be able to 




1. To model and simulate a given gas system for CO2 gas separation from natural gas 
2. To achieve required CO2 content to meet the LNG specifications of about 50-100 ppmv 
or 2-3% of CO2 in the downstream by using distillation column and addition of 
separator 
 
1.4 Scope of Study 
As outlined in the objectives, this project will be covering the investigation of the 
performance of gas separation system in separating carbon dioxide from natural gas whether it 
is meeting the required LNG specification. The scope of this project is to conduct a literature 
review on removal of CO2 from natural gas stream using Cryogenic method. Prior to that, it is 
necessary to understand the theory of Cryogenic separation. Modelling of the separation 
process in the simulation software will also be done by using ASPEN HYSYS. The data to be 
ran into the model will be taken limitedly from the gas fields in Malaysia. Through this project 
student is exposed to explore research problems and build research objectives, applying 
appropriate methodology, analysing and interpreting data obtained from the simulation, 
troubleshooting any predicaments occur and also reporting the findings. 
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1.5 Relevancy of Study 
In Chapter 2, the literature review in this report discuss on several methods of gas 
separation and the theory of each methods. These topics are relevant to the study of this 
project because in order to achieve CO2 removal from natural gas, it is important to 
understand how the gas separation system behave. After identifying the specific factors for 
the process, the study can be more confined for the purpose of this project which is to 
achieve required CO2 content to meet the LNG specifications of about 50-100 ppmv or 2-
3% of CO2 in the downstream. 
 
1.6 Feasibility of Study 
The project is scheduled for duration of 28 weeks altogether. For the first 14 weeks 
(FYP I), the project focuses on research activity to gather sufficient information in order to 
proceed with the second phase of the project (FYP II), which will focus on the modelling 
and simulation of gas separation system using ASPEN HYSYS software. The simulation 
work, the troubleshooting and the analysis of the results will be done in the duration of 











CHAPTER 2: LITERATURE REVIEW 
2.1 CO2 in Natural Gas 
In the 21st century, the most sophisticated challenges in environmental protection are 
global warming which had worried a lot of parties for several years. This global 
warming phenomenon occurs because of the excessive amount of greenhouse gas 
emissions, especially CO2. This matter has led to the study of removal of CO2 in order 
to reduce the CO2 emission to the environment. Carbon Capture and Storage (CCS) has 
been considered as one of the most significant methods in reducing [7] CO2 since 
combustion of fossil fuels is reported to generate 90% of CO2 emissions, which will be 
extensively used in the foreseeable future [8]. 
 In the oil & gas industry, LNG has a certain specifications which require the gas 
to be processed. Before gas can be transported into pipelines to the end users, the 
various impurities in the natural gas must be removed. One of the main components in 
the natural gas is CO2, which needs to be removed to an acceptable level prior to export. 
Previously, CO2 is removed from natural gas a low pressure and being released to the 
atmosphere by convention removal technologies. Currently, some of the primary 
recovery and capture methods used are the Cryogenic or low temperature process, 
chemical and physical solvent processes, while in some cases, using membranes are 
also applicable [9-11]. 
2.2 Separation with Sorbents/Solvents 
A few decades ago, a technology of amine scrubbing was established in the oil 
and chemical industries mainly for the CO2 and H2S removal from natural gas. 
Although practical experience is mainly in gas streams which are chemically reducing, 
the most commercially well-established methods available to remove CO2 is amine 















Figure 1: Schematic Diagram of Sorbent/Solvent Separations [12] 
 
 Today, there are several facilities to capture CO2 from natural gas which uses amines. 
One of the amine type widely used is the Mono-Ethanolamine (MEA) which can produce CO2 
recovery rates of 98% and can achieve 99% of product purity in excess. However, the 
conventional MEA solvents are tend to be replaced with improved solvents which can reduce 
energy requirements by as much as 40%. These sterically hindered amines are claimed to have 
good desorption and absorption characteristics which can help in CO2 removal process from 
natural gas [12].   
 
 Besides using the solvents, solid absorbent or commonly called as sorbents such as 
zeolites and activated carbon, also can be used to extract CO2 from natural gas. There are two 
commercially used methods by using sorbents, which are Pressure Swing Absorption (PSA) 
and Temperature Swing Absorption (TSA). A packed bed of adsorbent at elevated pressure 
will be flown through with gas mixtures until equilibrium of desired gas concentration is 
reached in the PSA, and the bed will be regenerated by dropping the pressure. While in the 




















2.3 Separations with Membranes 
 
Gas separation by using membranes is also one of the common methods used in 
the industry. Membranes assist the gas separation by allowing one component in a gas 
stream to pass through faster than the others, therefore desired component such as CO2 
can be captured by the membranes [12]. 
 
The membranes are characterized by the permeability, selectivity and 
permeance of the components in order to determine its performance. Gas separation 
membranes consist of many types including palladium membranes, zeolites, polymeric 









Figure 2: Schematic Diagram of Membrane Separation [12] 
 
In certain cases, high purity CO2 requires several types of membranes with 
different characteristics. Now, engineers and scientist are developing hybrid 
technologies of combining membranes and solvent scrubbing (solvent assisted 
membranes) in order to get the best features out of them and optimize the gas separation 
process. However, there is still much development needs to be done in order to enable 








Gas A with CO2 




2.4 Cryogenics Separation 
 
Cryogenic separation is a physical procedure that isolates CO2 from natural gas 
under a great degree of low temperature. It empowers production of liquid CO2 at a low 
pressure, so that the liquid CO2 can be put away or sequestered by means of fluid 
pumping rather than compression of gaseous CO2 to a high pressure, therefore 
compression energy can be saved [13-16].  During cryogenic division process, the 
segments of gas mixtures are captured by a progression of compression, refrigeration 
and detachment steps. Cryogenic separation process can be classified into three 
categories, namely conventional, non-conventional and hybrid cryogenic separation 
process. Non-conventional cryogenic separation process encourages the formation of 
solid CO2 while conventional cryogenic separation process avoids the formation of 
solid CO2. The hybrid cryogenic separation process includes both conventional and 
non-conventional cryogenic separation process. 
 
Since all the steps are exceedingly develop advances in the technology of 
chemical industry, their operation and outline achievability can be ensured [16-18]. The 
cryogenic separation procedure requires no chemical agents, subsequently evading 
further optional contamination to the environment [13-18]. To the extent modern 
application is concerned, natural gas mixtures are generally made out of CO2 and other 
different gases, and the boiling points of which are moderately low. These gases include 
Hydrogen (H), Nitrogen (N2), Oxygen (O2), Argon (Ar), and Methane (CH4). These 
impurities influences bring down the phase transition temperature of CO2, which can 
even drop to under -80°C.  For this situation, the refrigeration energy penalty rises 
consequentially, and what’s more, CO2 freezing arrangement turns out to be very 
conceivable, therefore debilitating equipment safety [19]. Consideration should 
accordingly be paid to raising the phase transition temperature of CO2 to enhance the 
cryogenic separation system and thus avoiding from equipment freezing issues and high 


















Figure 3: Schematic Diagram of Cryogenic Distillation Separation [12]  
 
 
CO2 can be separated from other gases by cooling and condensation. Cryogenic 
separation is generally utilized industrially for streams that as of now have high CO2 
concentrations (ordinarily > 90%) yet it is definitely not utilized for more dilute CO2 
streams. A noteworthy weakness of cryogenic separation of CO2 is the measure of 
energy required to give the refrigeration required for the process, especially for dilute 
gas streams. Another stream is cooled, to prevent blockages. Cryogenic separation has 
the point of interest that it empowers direct generation of liquid CO2, which is required 
for certain transport options, for example, transport by ship. Cryogenics would 
regularly only be applied to high concentration, high pressure gases, for example, in 


























2.5 CO2 Purity Characteristics of the Cryogenic Separation Method 
For the most part, a little measure of impurities dependably disintegrate in the liquid 
CO2 separated under high pressure, and the higher the pressure of the separation, the bigger the 
measure of impurities [24]. From one viewpoint, the CO2 separation proportion continuously 
increase with the augmentation of separation pressure, though the CO2 purity in the item 
diminishes. Then again, diverse impurity composition affects the CO2 purity differently in the 
output gas. 
 
This is on account because of there exist critical contrasts in the physical properties of the 
diverse impurity gases, which influence the thermodynamic properties, for example, dew and 
bubble points, heat capacity, enthalpy and entropy of the CO2 mixture, so the working 
conditions and separation execution of the purification procedure will therefore change 
appropriately, bringing about diverse CO2 purity in the product [23]. Generally, if the physical 
properties of the impurity gas are recognized from those of the CO2 (H2 for instance), it is easier 
to separate them by high pressure cryogenic separation [25]. In any case, for gas mixtures 
comprising of CO2, N2, O2, also Ar, the CO2 purity in the product accomplished by high 
pressure cryogenic separation is too low to fulfil the necessities of most modern applications 














2.6 LNG Specification Standards 
The table below are the details for LNG Specifications standard used for this project. The 
standard specifies the concentration of the component required to be achieved in any LNG 
processes. 
Table 3: Typical LNG Product Specification [26] 
Component Limit (Maximum) 
Hydrogen Sulfide 3 – 4 ppmv 
Total Sulfur  30 miligrams per normal cubic meter 
Carbon Dioxide 50 – 100 ppmv, 2-3 mol% 
Mercury 0.01 micrograms per normal cubic meter 
Nitrogen 1 mol% 
Water Vapor 1 ppmv 
Benzene 1 ppmv 
Ethane 6-8 mol% 
Propane 3 mol% 
Butane and heavier 2 mol% 
Pentane and heavier 1 mol% 
High Heating Value 1050 Btu/Scf (Europe and USA) 












CHAPTER 3: METHODOLOGY 
3.1 Work Flow Chart  





















Figure 4: Flow Chart of Project Activities 
Evaluate of results to ensure they 
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End 
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Modelling of gas separation system in HYSYS 
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3.2 Project Activities Flow Chart Description 
 
The proposed model design for the gas separation system has been finalized and decided which 
is to use distillation column with condenser and reboiler as the first stage separation equipment 
and vertical separator as the second stage separation equipment. The design condition to be 
simulated with the model is shown in the Table 4. The results will later be analysed to ensure 
the system are meeting the LNG specifications of about 50-100 ppmv or 2-3% of CO2 content 
in the downstream. 
 
Table 4: Design Condition for Gas Separation Model [27] 
 Design Condition  
Flowrate 700 std L/min (0.0355 MMSCFD) 
Operating Pressure 35 – 50 barg 
Inlet Temperature -30 to -10 °C 
Top Product < 20 mol % CO2 
HC Loss < 5 mol % 
Feed Composition CO2 : 60 – 80 mol % 
CH4 : 20 – 40 mol % 
 
The inputs in the system are CO2 and CH4 because natural gas is assumed as Methane. 
This is because based on few studies worldwide, the composition of natural gas is on average 
with 95% Methane and the other 5% are non-Methane components depending on the location 










As for the fluid properties package, Equation of State (EOS) model are proven to be very 
reliable in predicting the properties of most hydrocarbon based fluids over a wide range of 
operating condition. For this particular project, Peng-Robinson (PR) model has been chosen as 
its EOS. It is ideal for Vapor-Liquid Equilibrium (VLE) calculations as well as calculating 
liquid densities for hydrocarbon systems. Several enhancements to the original PR model were 
made to extend its range of applicability and to improve its predictions for some non-ideal 
systems.  
 
Figure 5: Natural Gas Composition [28] 
 
The PR property package rigorously solves any single, two, or three-phase system with 
a high degree of efficiency and reliability and is applicable over a wide range of conditions 
which is suitable for this project, as follows: 
• Temperature Range > -271°C or -456°F 












3.3 HYSYS Simulation Procedures 
A base case was established using the following steps; the first step is to select the appropriate 
fluid package; in this project Peng-Robingson model is selected as in Figure 6 below. Figure 7 
below shows another step in selecting component list. 
 
Figure 6: Fluid Package Basis Selection 
 




After selecting the component of the fluid, the simulation environment is entered where the 
Process Flow Diagram (PFD) is built. The full simulation environment is shown in Figure 8 
below.  
 
Figure 8: Process Flow Diagram 
The simulation of the process begins with the simulation of the feed gas stream by specifying 
the gas temperature, pressure and flow rate and HYSYS calculate the remaining parameters as 
shown Figure 9 below. 
 
Figure 9: Feed conditions entered in the simulation 
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One of the rigorous tasks in the convergence of the regenerator. By specifying the condenser 
and re-boiler pressure, the top temperature and bottom CO2 composition required, the 
convergence is achieved.  
 
Figure 10: Converged windows for distillation column unit 
With the convergence of the distillation column unit, a complete simulation for the base case 
was established. Optimization of the process was carried out by modification of some 
parameters to meet the project aims. Detail parameters for the base case and modified 








CHAPTER 4: RESULTS 
 
4.1 HYSYS Modelling of Gas Separation System 
 The model of separation process is as shown in Figure 11 where a feed of CH4 and 
CO2 enters the distillation column. There are a condenser placed at the top of the distillation 
column and reboiler place at the bottom, both are working at a pressure of 49.7 barg and 49.9 
barg respectively. 
 
Figure 11: Layout of the Distillation Column in HYSYS Simulation 
The condenser is used to cool down and condense the output gas into liquid state, and reboiler 
is a type heat exchanger typically used to provide heat to the bottom of the distillation columns. 
It boils the liquid from the bottom of the distillation column to generate vapours which are 
returned to the column to drive the distillation separation. 
 





4.2 Data Tabulation and Analysis 
All of the operating condition parameters needed for the simulation has be input. The findings 
are presented in the form of tables and graphs below. 
Table 5: Distillation column data of the process simulation model 
 






Table 7 shows the mole fraction composition of Methane and CO2 which are obtained from 
ASPEN HYSYS simulation results. The sets of data are plotted into Mole Fraction 
Composition vs Tray Position graph as shown in Figure 12 below. Methane’s (red line) 
composition can be seen started to reduce as it moved across the distillation column from top 
to bottom while the CO2 (green line) behaved oppositely as its mole fraction composition 
started to increase as the gas moved across the distillation column. At the top product, the 
composition is; Methane (0.8898) CO2 (0.1102) and at the bottom; Methane (0.04) CO2 (0.96). 
Table 7: Mole Fraction Composition of Methane and CO2 in Distillation Column 
 
 
Figure 12: Mole Fraction Composition vs Tray Position from Top 
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Table 8 shows the temperature distribution in the distillation column which are obtained from 
ASPEN HYSYS simulation results. The sets of data are plotted into Temperature vs Tray 
Position graph as shown in Figure 13 below. The trend for the temperature is increasing as the 
gas moves downwards across the trays in the distillation column. The temperature is highest at 
the bottommost tray, as the heater is placed at the bottom of distillation column. The component 
which has higher boiling point (CO2 = -78.5°C) will be bottom product and component with 
lower boiling point (CH4 = -161.5°C) will be the top product. 
Table 8: Temperature Distribution in Distillation Column 
 
 
Figure 13: Temperature vs Tray Position from Top 
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Table 9 shows the pressure distribution in the distillation column which are obtained from 
ASPEN HYSYS simulation results. The sets of data are plotted into Pressure vs Tray Position 
graph as shown in Figure 14 below. The trend of the pressure is increasing as the gas moves 
downwards across the trays in the distillation column. The pressure is directly proportional to 
temperature. Temperature increased from top tray to the bottom tray therefore pressure 
increased along with the temperature. However there is not much pressure different between 
top tray and bottom tray, because the operating pressure at condenser (top) is 49.7 barg and 
operating pressure at reboiler (bottom) is 49.9 barg. 
 Table 9: Pressure Distribution in Distillation Column  
 
 
Figure 14: Pressure vs Tray Position from Top 
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4.3 Cryogenic Separation System 
 As shown in Figure 15, the feed entered the distillation column (T-100) at temperature 
of -25°C, pressure of 50 barg and flow rate of 42 m3/h (700 std L/min). After the separation 
process, the product will be separated into top product and bottom product. The bottom product 
will be in the form of liquid. The properties of bottom product is as shown above which 
temperature of it is 6.519°C, pressure of 49.90 barg, flow rate of 29.63 m3/h, mole fraction of 
methane (0.0150/ or 1.5%) and the mole fraction of CO2 (0.9600 or 96.0%). The condenser at 
the top is set to produce total reflux product (total vapour). The properties of top product is a 
shown in Figure 14 which temperature of it is -73°C, pressure of 49.70 barg, mole fraction of 
methane (0.9252 or 92.52%) and mole fraction of CO2 (0.0748 or 7.48%). The top product 
already achieved composition of CO2 less than 20% of total, however in order to meet the LNG 
specification requirement, second stage of separation is needed. 
 





As shown in Figure 16, the feed entered the vertical separator (V-100) is Gas 1, which 
is the top product from the separation in distillation column. In order to achieve the LNG 
specification requirement, the gas needs to undergo another separation process in the vertical 
separator. The vertical separator operating pressure is set at 50 barg. The top product is the 
Fuel Gas, which is ready to be exported because it has met the LNG specification requirement. 
The properties of the Fuel Gas; temperature of -138.6°C, flow rate of 0.7508 m3/h, mole 
fraction of methane (0.9848 or 98.48%) and mole fraction of CO2 (0.0152 or 1.52%). 
 








4.4 Discussion of Results 
 The simulation objectives are to meet the LNG specifications of about 50 – 100 ppmv or 2- 
3% CO2 concentration in the product stream, and then establish optimum conditions to reduce 
CO2 emission and chemical loss. From Table 4, the composition of CO2 of the feed gas used is 
70 mol % which is above LNG CO2 Specification of 2-3% as shown in Table 9 below. 
Figure 11 shows the treatment of feed gas across the distillation column and the 
observation of % mole concentration of CO2 and methane is shown in Figure 12. It was 
observed that as the temperature decreases, the % mole concentration of CO2 in the product 
stream decreases. 
The simulation of 70% of CO2 feed concentration was done and the results are as shown 
above. However, the simulation of maximum feed concentration (80% CO2 content) as given 
in the design condition was not successfully done due to simulation results that was not 
converging. The procedure for obtaining the relevant results for this project is quite 
complicated when programming in the ASPEN HYSYS since the author needs to key in a lot 
of input parameters and calculations. Some of the parameters are operating pressure, operating 
temperature, flowrate, component fraction, reflux rate, distillate rate, bottom production rate 
and etc. The author still needs to do more validation to see whether the simulation gives the 
correct result of every variable or not. In order to do that, a lot of experiments must be done in 










CHAPTER 5: CONCLUSION AND RECCOMMENDATION 
5.1 Conclusion 
The separation of carbon dioxide from methane is very challenging in term of process and 
technology. Considering the large difference between the physical properties of CO2 and other 
impurities, the distillation process is conducted under high pressure. Consequently, the CO2 
purity in the product significantly increases to more than 98%. In this study, the optimal 
operating conditions for Cryogenic separation by distillation column are investigated. A 
detailed simulation study of the system was done. 
The proposed system has superior performance in recovering CO2 from mixed gases with high 
initial CO2 concentration. The simulation of 70% CO2 feed concentration at feed condition 50 
barg and -25°C was done and at these conditions the percentage separation of the gas was found 
to be 98.48% of methane and 1.52% of CO2 in the top product. The analysis proves that the 
proposed system can efficiently recover CO2 from mixed gases, regardless of initial 
compositions as the CO2 purity in the product could be as high as 99.9% under various 
circumstances. The present study showed results that are meeting the worldwide LNG 
specifications, however more research work needs to be done in order to assess the system and 
be able to separate higher concentration of CO2 in the feed input.  
 
5.2 Recommendations  
 Since distillation is such an important process used throughout multiple industries a wider 
analysis would be useful to determine the proper reflux ratio for a given quality of a product at 
a giving flow rate. Future work on this project should do a research into how to present 
distillation columns can be optimized.  There are ongoing research endeavours to improve 
distillation.  Future work should focus on how to make distillation columns more efficient in 
order to conserve the massive amounts of energy needed to perform this kind of separation. 
Work on methods for stricter controls on temperature should also be focused.  This is helped 
by advances in thermal insulation as well as new more efficient packing for the columns.  As 
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